The extensive use and misuse of antibiotics in medicine has results in the emergence of multi-drug 29 resistant bacteria, which make an urgent need for developing new chemotherapeutic agents. Nowadays, 30
Coulter, USA) with computer-assisted evaluation of data (CellQuest software). 149
150
Outer membrane (OM) permeability 151
The OM permeabilization of E.coli by NK-18 was evaluated using the hydrophobic NPN 152
(1-N-phenylnaphthylamine) fluorescent probe as described before with a little modification (36). E. 153
coli cultures with an OD 600 value of 0.5±0.02 were centrifuged for 10 min at 1000 g and the cells were 154 suspended in half volume of 5mM HEPES (pH7.2). 100μl E. coli and 50μl NK-18 were mixed with 155 50μl NPN (final concentration 10μM). The final concentration of NK-18 was 12.5μg/ml, 25μg/ml, 156 50μg/ml and 100μg/ml, respectively. Control was carried out with 0.5% NaCl alone. An increase in 157 fluorescence due to partitioning of NPN into the OM was recorded as a function of time until no further 158 increase in intensity was observed. The excitation and emission wavelengths were set at 350 and 420 159 nm, respectively. Each assay was performed at least three times by a Pro Multimode Reader (Tecan 160 Infinite M200). 161
162
Inner-membrane (IM) permeability 163 IM permeabilization was determined by measuring the release of cytoplasmic β-galactosidase activity 164 from E. coli into the culture medium using ONPG as the substrate (18). E. coli cultured with LB-broth 165 containing 5% lactose were harvested, washed and resuspended in 0.5% NaCl solution to get an 166 absorbance of 1.2 at 420 nm, then resuspended in half volume of 0.5% NaCl solution. The 167 concentrations of peptide were the same as described in the previous section. 100μl of E. coli and 90μl 168 of the peptide were mixed with 10μl of ONPG (30mM) in a 96-well plate. Negative control was carried 169 out with 0.5% NaCl and positive control was TritonX-100, respectively. The production of 170 o-nitrophenol over time was determined by monitoring the changes in absorbance at 420nm using 171
Tecan Infinite M200 Pro Multi Reader. 172
173
Examination of bacterial membrane damage by scanning electron microscopy (SEM) 174
The test strain of E. coli was grown to mid-logarithmic phase in LB broth. Suspension of E. coli 175 (~10was added into the tube subsequently to fix these cells. After fixation with glutaraldehyde, the 178 precipitations were impregnated in 2.5% tannic acid (Sigma) for 2 days. Counter fixation in 2% 179 osmium tetroxide (Sigma) for 1h was followed by dehydration in ethanol and drying in a freeze-drying 180 device (JEOL-JFD-310, Japan). Cells were coated with gold and analyzed by scanning electron 181 microscope (JSM-6380Lv, Japan were screened by radial diffusion assay and determined by the broth microdilution method. The zones 248 of inhibition corresponded to the antibacterial effect of NK-18 after incubation at 37 °C for 18-24h. As 249 shown in Fig. 1 , NK-18 showed remarkable antibacterial activity. It could induce significantly larger 250 zones of clearance than the control group of sterile water. Furthermore, the diameter of inhibition zone 251 produced by NK-18 was increasing with the peptide concentration increasing, which indicates that the 252 antimicrobial activity of NK-18 was in a concentration dependent manner. According to the broth 253 microdilution method, NK-18 displayed very impressive antimicrobial activity both against E.coli and 254 S.aureus. The MICs of NK-18 against E.coli and S.aureus were 12.5 μg/mL and 6.25μg/mL, 255 respectively. 256 257
Time killing kinetics of NK-18 258
Although the MICs assay could reflect the antimicrobial activity of NK-18, it was determined by the 259 overnight effect and the detailed information about NK-18 killing rates might be obscured in this assay. 260
In order to understand the detail of NK-18 action, time killing kinetics assay were performed against 261 E.coli and S.aureus. As shown in Figure 2 , NK-18 acted on a different rate against E.coli and S.aureus, 262
respectively. For the targeted bacterium S.aureus, NK-18 showed a very rapid killing rate that about 3 263 times log killing and 7 times log killing were observed at 2.5× MIC and 5× MIC within 5 minute after 264 treatment, respectively. As for E.coli, NK-18 acted a little slowly compared with S.aureus. 265 Apart from this, the integrity of the inner membrane of E. coli was also evaluated by ONPG assay. As 281 we know, the cytoplasmic β-galactosidase could only be released as a consequence of 282 alteration/compromise in inner membrane of E. coli. β-galactosidase could react with ONPG and yield 283 orth-nirophenol, which is absorbed at 420 nm (7). As shown in Figure 5 , after the treatment of different 284 concentrations of NK-18, β-galactosidase released from E. coli cells from a lag time of about 5min till 285 90min to reach a steady state. Meanwhile, the release of β-galactosidase is in a dose dependent manner. 286 287
Examination of bacterial membrane change by SEM 288
In order to gain a more direct insight into the interaction between NK-18 and E. coli, the morphological 289 changes of bacterial membrane were also examined by SEM in order to confirm these results got 290 before. As shown in Figure 6 : untreated E.coli had a normal smooth surface (Fig. 6A) ; in contrast, cells 291 treated with NK-18 for 1h showed clear morphological changes. The changes caused by NK-18 292 appeared to involve the formation of blebs on the cell surface and the surface seem like been disrupted 293 (Fig. 6B) Figure 7 . NK-18 induced a sharp increase in leakage 309 of calcein and this ability was concentration-dependent. At the concentration of 6.25μg/ml and 310 12.5μg/ml, the fluorescence intensity induced by NK-18 was similar with that of positive control (Fig.  311   7A) . Furthermore, NK-18 interacted with LUVs as soon as addition into the specimen, and caused 312 maximum leakage of calcein dye up to 90% at the concentration of 6.25μg/ml (Fig. 7B) . 313
Knowing the peptides are acting on the surface of bacterial membrane, TEM studies were conducted 314 with NK-18 with LUVs composed of bacterial mimic membranes. TEM studies were conducted with 315
NK-18 at a concentration of 100μg/ml to monitor the morphologic changes of LUVs and the results 316 showed surface alterations of the liposome. As shown in Figure 8 , the membranes of untreated LUVs 317
were smooth and intact. On the contrary, the surface of LUVs treated with NK-18 changed thoroughly. 318
Its membrane showed incomplete and the fringe of it was vague. This was strong evidence that NK-18 319 could act against the model liposome mimicking bacterial membrane and this result was consistent 320
with that of calcein leakage assay. Although NK-18 showed membrane activity both against model liposomes and bacterial membrane as 331 described before, it still couldn't conclude that the membrane was the only target for NK-18 exerting 332 its antibacterial activity basing on the finding of the location of FITC-labeled NK-18 in bacteria. On 333 this account, the DNA interacting ability of NK-18 was also studied by monitoring the electrophoretic 334 mobility of plasmid DNA on agarose gel. Different concentrations of NK-18 were mixed with a fixed 335 amount of plasmid DNA, after which the mixture were electrophoresised on agarose gel. Figure 10  336 indicated that NK-18 could interact with the plasmid DNA and retard its migration in the gels in a 337 concentration-dependent manner. At a peptide concentration of 12μg/ml, a part of the plasmid DNA 338 was still able to migrate into the gel as non-treated DNA, whereas, at a concentration of 16μg/ml, 339 almost the entire DNA remained at the origin. At higher concentrations, complete retardation of the 340 DNA was observed, showing that the DNA was aggregated by NK-18. To compare its mechanism of 341 action with that of a membrane-active antimicrobial peptide, the same experiment was performed with 342 magainin 2. By contrast, magainin 2 didn't show any DNA interacting ability even at a concentration 343 up to 128μg/ml which was absolutely different from NK-18. These results showed that NK-18 has 344 intrinsic DNA-binding ability. 345
Now that NK-18 could interact with the plasmid DNA of bacteria and retard DNA migration in agarose 346 gel, the relationship between this peptide and the genomic DNA of E.coli was also evaluated by 347 electronic absorption spectroscopy. As shown in Figure 11 , in the absence of NK-18, the genomic DNA 348 showed that NK-18 could disrupt the integrity of LUVs, which implied that NK-18 is membrane active 392 against both the bacterial plasma membrane and the artificial mimicking pure membrane. 393
In addition of these results, we also found that the FITC-labeled NK-18 was visible on the cell 394 membrane and in the cytoplasm of E.coli under the confocal laser microscopy. This result indicated 395 that NK-18 could penetrate both the cell wall and cell membrane and accumulate inside the bacterial 396 cells. This result may imply that the peptides were not only associated with the plasma membrane but 397 also were internalized. This prompted us to look for some intracellular targeting mode of action for this 398
peptide. With this aim we compared the relative affinity of NK-18 to bind plasmid DNA. In accordance 399 with our confocal microscopy data, in DNA binding assay a DNA binding affinity of NK-18 was 400 observed which was reflected as retardation in the movement of plasmid DNA. For magainin 2, an 401 antimicrobial peptide studied more thoroughly, no retardation was observed even at a concentration of 402 128μg/ml which was accordance with the studies carried by Park et al (31). Afterward, the absorption 403 spectroscopy and AFM was employed to investigate the interaction between NK-18 and bacterial 404 genome DNA. It showed that NK-18 could not only induce the change of maximum absorption 405 intensity, but also the shift of maximum absorption wave length (from 257nm to 261nm) of the genome 406 DNA of bacteria. 407
So, taking all the data into account, we could have a certain understanding of the whole 408 antibacterial activity mechanism of NK-18. It could be reasonably assumed that the cationic, at room temperature for 30min and the reaction mixtures were applied to a 1.5% agarose gel 598 electrophoresis. The gel was visualized after ethidium bromide staining and UV irradiation. The 599 numbers below represented the concentration of NK-18 and magainin 2 (μg/ml). C represented control 600 which was plasmid DNA only. These results shown were representative of three experiments. 601
Figure11. Ultraviolet spectra of E.coli genomic DNA in the presence of different concentrations of 602 NK-18. A fixed concentration (82.0 ng/μl) of E.coli genomic DNA was treated with increasing amounts 603 of NK-18 for 30min. Ultraviolet spectra were measured in the range of wavelengths 220-320nm. All 604 measurements were recorded at room temperature. 605
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